To describe how countries in Latin America and the Caribbean are (or are not) meeting 2016 WHO guidelines on the use of antiretroviral drugs for treating and preventing HIV infection, that is, their progress on the adoption of 'Treat All' and of preexposure prophylaxis (PrEP) as an additional prevention tool for people at substantial risk of HIV infection.
INTRODUCTION
According to the UNAIDS and WHO reports, at the end of 2017, an estimated 1.8 (1.5-2.3) million people were living with the HIV in Latin America with 61% (43-79%) of this population on antiretroviral therapy (ART) [1, 2] . In lines with the 2016 WHO Guidelines on the use of antiretroviral drugs for treating and preventing HIV infection, many countries in the Americas have strengthened their HIV treatment and prevention services. In this review, we highlight how Latin American countries are (or are not) meeting the treatment recommendations with respect to 'Treat All' (ART for all persons living with HIV regardless of clinical stage or CD4 cell count), and how they have managed the introduction of preexposure prophylaxis (PrEP) as an additional prevention tool for people at substantial risk of HIV infection. After a quick review on the current epidemiology of the region focusing on data from recent years, we address HIV treatment and highlight the progress that has been achieved with improved ART coverage but also challenges that continue to be critical: late treatment initiation and suboptimal adherence. Following, we address prevention and elaborate on PrEP and its improvements since the 2016 review by Ravasi et al. [3] highlighting how the roll-out of PrEP in the region is slowly increasing with some Latin American countries already providing PrEP through their public health systems. Finally, using Brazil as a case study, we provide actual PrEP uptake numbers for 2018, the program's first year of existence.
EPIDEMIOLOGY
To date, the HIV epidemic in Latin America remains concentrated on large urban centers and in vulnerable populations with MSM and transgender women (TGW) suffering the highest burden. Overall regional numbers show that HIV prevalence surpasses 10% in these populations with no decrease in the number of new HIV infections over the last 15 years (MSM accounting for 41% of new HIV infections in 2017) [1] . Despite the lack of progress with regards to new HIV infections, ART coverage has led to a decrease in AIDS-related mortality in the region [4, 5] .
Epidemiologic studies from Latin American countries published in the past 5 years (searches were performed in Medline and Lilacs, a regional search engine) confirm these region-wide findings. The baseline assessment of cohort participants, MSM and transwomen seeking HIV or sexually transmitted infection (STI) testing and/or treatment, recruited from 2013 to 2014 in Lima, Peru (the PICASSO cohort), found that 30.1 and 33.7% were infected with HIV, respectively [6] . A study from Guatemala evaluated trends in HIV prevalence from 2005 to 2012 using cross-sectional data from STI clinics of over 4000 participants and found that prevalence among MSM was higher (8.2%) than among high-risk heterosexual men (4.1%) and female sex workers (2.1%) [7 & ]. A few studies from Brazil, published in 2017/2018, estimated HIV prevalence in multiple key populations, all found to be at least 10 times higher compared with the general population: 5% prevalence among female sex work-
Additionally, one study among 37 000 17-to-22-year old men (Brazilian army conscripts), observed an HIV prevalence of 0.12% overall which was 14-fold higher among those who reported sex with men [11] . Studies from Mexico have shown the same pattern with a nationally representative survey conducted in 24 cities estimating HIV prevalence at 16.9% (15.6-18 .3%) among MSM [12] whereas other studies assessing TGW observed even higher prevalence: 22% in Tijuana, a border city in Mexico [13] , and 20-64% in Mexico city [14] .
HIV incidence rates estimates are much less available for the region. The iPrEx study, a randomized controlled efficacy trial of preexposure prophylaxis with co-formulated tenofovir disoproxil fumarate and emtricitabine included participants from 11 sites in six countries including Ecuador, Peru and Brazil from Latin America [15] . Its control arm provided valuable information regarding HIV incidence rates among 1248 MSM (87% male and 13% transgender male to female). HIV incidence rates per 100 person-years in the three Latin America countries were 6.5 (95% CI 4.1-10.5), 3.5 (95% CI 2.7-4.6), and 5.0 (95% CI 2.7-9.2) in Ecuador, Peru and Brazil, respectively [16] . Similar rates of HIV incidence among MSM are provided in review article on the global response to HIV with estimates varying from 2 in Guatemala and Panamá to 14 in Nicaragua, per 100 person-years [17] .
TREATMENT
With successful ART, many people living with HIV (PLWH) around the globe are experiencing decreased AIDS-related morbidity and mortality, thus living longer [18, 19] . It is expected that by 2020 all lowincome and middle-income countries will have adopted WHO's 'Treat All' policy; however, as of mid-2018, a few countries in Latin America still apply immunologic criteria for ART treatment initiation (Guatemala, El Salvador, Nicaragua, and Colombia, though Guatemala and Nicaragua plan to implement Treat All ART recommendation in 2018-2020) [2] . As for ART monitoring, most Latin American countries have implemented routine viral load monitoring within their national policies [2] . Nevertheless, one analysis of the actual frequency of monitoring has shown it to occur less frequently than recommended: monitoring was performed once every 6 months for only 62% of cohort participants despite recommendations, which ranged from every 3-6 months depending on the country [20] . Despite the achievements, old challenges remain [21] , we will focus on two: late treatment initiation and treatment adherence.
Late treatment initiation is a function of multiple, layered determinants with individual, interpersonal, social and structural factors playing an interdependent role. As such, immune status at ART initiation is a critical indicator in measuring how well programs are responding to the HIV epidemic [22] . A global analysis with over 379 000 adults (16 years or older) starting ART between 2002 and 2009 in a clinic participating in a multicohort collaboration spanning six continents (the International epidemiological Databases to Evaluate AIDS plus the ART Cohort Collaboration) showed that the median baseline CD4 cell count (defined as the nearest to the date of ART start with a window of 6 months before to 1 month after) in the seven Latin American countries included ranged, in women and men, respectively, from a low of 85 and 74 cells/ml in Peru to 208 and 186 cells/ml in Brazil [23] .
A more recent analysis of the CCASAnet (the Caribbean, Central and South America network for HIV epidemiology) that included data from nine sites in seven countries (Argentina, Brazil, Chile, Haiti, Honduras, México and Perú ) reported on the CD4 cell count of over 17 000 individuals starting treatment from 2003 to 2014. The results showed a significant trend toward increased probabilities of initiating ART with CD4 cell count greater than 200 cells/ml, though the model-adjusted probability of ART initiation with a CD4 of 200 or more only barely exceeded 0.5 in 2014 [24] .
In Brazil, despite its universal health system that provides access to comprehensive prevention and care services including HIV testing, laboratory monitoring and antiretroviral treatment (including a 'Treat All' policy in place since 2014) late treatment initiation is persistent. A nation-wide analysis including over 115 000 participants who linked to care between 2004 and 2006 showed that 43.6% of participants were late presenters to care, defined as having, in their first contact with a healthcare facility, a CD4 cell count less than 200 cells/ml or an AIDS defining condition, or who died within 20 days of their first contact [25] . Another more recent analysis that included nation-wide data from 2006-2016 showed an improvement: 33% of those starting treatment had a CD4 cell count of less than 200 cells/ml, though only 20% started ART with CD4 cell count of at least 500 cells/ml [26] . In another analysis, not starting ART within 100 days of linkage to care was associated with (in addition to female sex, younger age, lower education) living in the North and Northeast and being from a municipality that is less densely populated or more economically disadvantaged (as measured by the social vulnerability index) [27 && ]. The second persistent challenge is daily ART adherence. ART adherence is the best predictor of virologic suppression [28 & ] and as such a basic requirement for improving HIV clinical outcomes, reducing morbidity and mortality of PLWH, and halting HIV transmission. A systematic review and meta-analysis of ART adherence in the Latin American region reported on the levels of adherence in the region [29] . It included 53 studies published between 2005 and 2016 with 22 603 PLHA in 25 countries from Latin America and Caribbean and reported an overall pooled adherence of 70% (95% CI: 63-76%). Interestingly, in subgroup analyses, it found higher pooled adherence estimates in countries classified as low or lower middle income as per World Bank definitions as well as in those low on human development index (HDI, a composite index measuring average achievement in three basic dimensions of human development -a long and healthy life, knowledge and a decent standard of living and, and gross national income that reflects the average income of a country's citizens). This analysis highlighted the barriers cited in the studies for meeting the daily requirements for ART adherence, which included: younger age, mental health problems (including depression), substance use in particular alcohol, low education, advanced HIV disease and high pill burden [29] . A national survey of self-reported adherence using WebAd-Q conducted in Brazil reported similar outcomes with 67.8% of the 2424 participants not missing any doses in the past 7 days [30] . Another more recent study showed higher (85.4%) adherence among those taking single-tablet first line regimens versus (82%) using multiple tablet regimens [31] . Though not much explored in these studies from Latin America, studies from other regions have highlighted the role of interpersonal factors, such as HIV stigma, social isolation, perceived discrimination [32] , as well as structural factors, such as food insecurity, housing instability, ART regimen complexity [33] , which likely play a role in the region as well and thus merit attention.
PREVENTION
Curbing the HIV epidemic in Latin America will require the adoption of targeted prevention programs, such as a combination prevention program that includes PrEP. Currently, a vast body of evidence supports the use of PrEP to prevent HIV infection particularly in populations at substantial risk of HIV acquisition. A 2016 meta-analysis of 18 PrEP-related studies conducted in high-risk populations demonstrated that PrEP reduces HIV infection risk in MSM, TGW, injection drug users, and other high-risk populations [34] . Another, more recent, meta-analysis included 13 randomized trials with over 15 000 participants and demonstrated that PrEP use does not increase risk of grade 3/4 adverse events [35] . New strategies including novel oral agents (tenofovir alafanamide), long-acting injectables (cabotegravir), vaginal rings and broadly neutralizing monoclonal antibodies are in development as PrEP agents. In addition, new drug delivery systems, such as implants and transdermal devices are promising strategies that are being developed for HIV prevention use. These advances will expand PrEP options and as such offer preventive technologies that will appeal to a wide variety of individuals and to their changing needs over the life span.
Nevertheless, effective PrEP implementation depends on many measures including the approval of tenofovir/emtricitabine for prevention, the inclusion of PrEP in the national prevention policies and guidelines, the conduct of demonstration projects and implementation research [36 & ] [1] .
Is preexposure prophylaxis cost-effective in the region?
The assessment on the clinical and economic value of PrEP for a particular setting or region must address the specifics of the HIV epidemic. The long-term clinical benefits, costs and the cost-effectiveness of PrEP have been evaluated in modeling studies set to represent specific countries from Latin America. The first analysis, published in 2012, used a mathematical model to represent the HIV epidemic among MSM and transwomen in Lima, Peru [37] . This analysis highlighted the many factors that could drive PrEP's economic assessment, from prioritization among those at highest risk to adherence. The results showed that even the highest estimated cost per disability adjusted life-year averted was below Peru's gross domestic product (GDP) per capita, assuming PrEP use by 20% of MSM and TGW over 10 years [37] . Another analysis that evaluated PrEP use in the United States and Peru considered main and casual partnerships and found that targeted strategies could increase PrEP's efficiency: providing PrEP to men with 1.5-7 contacts per month could lead to a 30% reduction in new infections over 10 years [38] .
Similarly, an analysis from Brazil found that PrEP provision to MSM/TGW at substantial risk (defined as any of the following behaviors in the prior 12 months: condomless anal sex with 2 partners, 2 episodes of anal sex with an HIVinfected partner, or history of STD diagnosis) would substantially reduce 5-year and lifetime risk of HIV infection [39] . In this analysis, PrEP adherence and uptake was assumed as per demonstration studies [40] and it was found that PrEP led to a cost per life-year saved that was well below Brazil's GDP per capita. Moreover, PrEP would remain cost-effective unless PrEP drug costs exceeded $1200/year ($100/month). In contrast, it was found that the PrEP strategy was no longer cost-effective if HIV incidence was less than 0.4 per 100 PY, which is consistent with the recommendation of PrEP to those at substantial risk with MSM populations from around the globe meeting such criteria [17] .
Finally, the most recent analysis assessed PrEP within an HIV combination prevention framework for TGW sex workers from Lima, Peru, using a deterministic model that detailed the transmission dynamics of HIV among TGW sex workers, their stable partners and their clients [41] . In their base cases analysis, through the various interventions of increased condom use with clients (15% relative increase) and stable partners (10% relative increase), expansion of ART coverage to people with CD4 cell count 500 cells/ml or less, extending ART to people with CD4 cell count at least 500 cells/ml, and 15% PrEP coverage with generic drugs would avert between 4 and 47% of new infections within a 10-year time frame while implementing all these interventions could achieve a 50% reduction in incidence. Importantly, authors found that these investments in HIV combination prevention would be cost-effective even under stringent criteria.
Preexposure prophylaxis: from awareness to implementation
The results cited above suggest PrEP's favorable costeffectiveness profile, which to be achieved, depends, ultimately, on uptake and adherence to PrEP by those at substantial risk. To pave the way to uptake, studies form the region have assessed awareness and willingness to use PrEP in key populations. A 2016 online survey conducted using geosocial networking smartphone apps in 10 Brazilian state capitals reported that 58% (2932/5065) were aware of PrEP, willingness to use daily PrEP was reported by 52% (2653/5065) [42] . In another online survey, conducted in Brazil, Mexico and Peru with almost 20 000 participants, PrEP awareness was shown higher in Brazil (69%) and Mexico (64%) than in Peru (47%) [43] . Recent studies also show promising results among TGW with one study from Brazil reporting 76% willingness to use PrEP [44 & ] and another from Argentina reporting 89% (301/337) willingness [45] .
Actual implementation of PrEP has been assessed in some settings through the conduction of demonstration and implementation projects. The first demonstration project of the region was [47] . Though TGW were also targeted for inclusion in PrEP Brasil, only 25 were included in the study. To address PrEP uptake, engagement and persistence specifically among TGW, another demonstration project, PrEParadas, was launched. Overall, 318 transwomen were assessed for participation, 271 were potentially eligible and 130 were offered PrEP leading to an uptake of 48% [48] .
PrEP demonstration projects and implementation in Latin American countries has expanded since 2016 [3] according to data from WHO. One multicountry implementation project is IMPREP. Funded by UNITAID, it is a joint collaboration between the Oswaldo Cruz Foundation and Ministries of Health from Brazil, Peru and Mexico. It aims to provide same day PrEP to 7500 individuals at substantial risk of HIV acquisition in the three countries. As of December 2018 (Table 1) , demonstration projects are ongoing in five countries: Brazil, Peru, Mexico, Dominican Republic and Jamaica, whereas four are in the planning phase (Argentina, Guatemala, Colombia, Paraguay). PrEP has been formally implemented in four countries (Bahamas, Barbados, Brazil and Cuba) with these countries and Haiti having PrEP policies in place. Chile, Dominican Republic, Guatemala and Paraguay are planning the implementation of a PrEP public policy.
Brazil as a case study of preexposure prophylaxis uptake in the real-world So far, we have reviewed the results from relatively small scale, local, projects. It is expected that actual implementation of PrEP within the health system of any given country will suffer additional challenges. Using Brazil as a case study, we report on the program's first year of existence. In December 2017, national guidelines detailing when, how and to whom to offer PrEP within the national health system were published. During this first year, 56 cites have provided PrEP in primary care facilities to adults (18 years or older) at substantial risk of HIV acquisition. Among those who self-identify as men, report sex with other men, and meet eligibility criteria, a total of 6523 have started PrEP. Number on PrEP varied substantially by city with a mean of 117 MSM per city (median 12, interquartile range 3-101). To give a sense of the actual uptake, we updated previous calculations of PrEP demand among MSM [49] using more recent nationally representative demographic and surveillance data. We focused on the 12 cities (from the 5 regions) included in the second nation-wide respondent-driven sampling study funded by Department of Surveillance, Prevention and Control of STI, HIV/AIDS and Viral Hepatitis of the Ministry of Health [9 & ] in addition to two cities that were able to provide PrEP to more than 100 individuals.
The number of men aged 18-64 years residing in each of the 14 cities were gathered from the Brazilian Institute of Geography and Statistics (IBGE [50] ). A nation-wide survey of sexual practices and behavior was then used to infer the fraction of these men who report sex with other men during their lifetime [3.5%, 95% confidence interval (CI) 2.9-4.3%] [51] . From this, we removed those who would already be HIV-infected using the nation-wide results on MSM reporting sexual activity in the prior 12 months among which HIV prevalence with on-site rapid testing (positivity confirmed by a second test) ranged from 5.9% (3.5-9.6) in Brasilia to 24.8% (18.5-32.4) 
Finally, among the uninfected MSM, we inferred those meeting eligibility criteria (condomless anal sex in the prior 6 months) [52] and who would be willing to uptake PrEP [40] . 
CONCLUSION
In conclusion, there are important challenges to be addressed in the region in order to achieve proposed HIV targets of 90-90-90 and/or HIV incidence reduction by 2030. Though the endorsement of 'Treat All' by all Latin American countries is paramount, the actual impact of such policy, as models have shown [56] , will be limited by just how much testing is universally available and performed and how fast treatment can be initiated. On testing, low risk perception has been shown highly discordant to actual risk taking behavior [42, 43] , which certainly hinders its use. We need to expand the adoption of new testing platforms, such as self-testing in Latin America [2] , local studies have shown its feasibility and acceptability [57, 58] . On treatment, late treatment initiation and suboptimal adherence are significant challenges for which solutions are needed. Long-acting ART might help with the latter but the former will require a positive engagement with all services: testing, care and treatment. To that end, we highlight the importance of acknowledging and spreading the message that U ¼ U (undetectable equals untransmissible) in the region [59] . For the individual, the knowledge of U ¼ U empowers people living with HIV, improves adherence and decreases self-stigma. For the population, U ¼ U can lead to decreased HIV transmission by reducing community viral load. Recent studies from the region have shown that the most prevalent reason for never testing for HIV is fear of being HIV infected [43] . Today, we have an opportunity to use testing in a scenario where there are valuable options for both groups, of those who test positive and negative. We need to take this opportunity forward. 
